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Natural and simulated icing tests were conducted during February and
March 1978 with a UH-1H helicopter equipped with an advanced ice protection
system. This was the fourth program of icing tests accomplished with this
test aircraft and the second to incluie natural icing. The objective of
this year's program was to expand the icing test envelope, to gather addi-
tional data on ice protection system design and performance characteristics, —]

7 fwA

¥ o
DD .oy WI3  £ormion oF ' wov 68 1s ossoLETE
SECUMTY CLASIFICATION OF THIS PAGE

201 110

S ——

w t
»
¥
5 ’

79 04 23 008

P b Ao S s

.




a R AR P ATioN OF THIS PASE(Waes Dete Batersd)

20. Abstract - Cont,

and to obtain specific data for use in a product improvement program for the
UH-1 Partial Ice Protection System (Kit A). The testing was conducted at
Ottawa, Ontario, Canada,

Seven tests in the spray rig and twelve natural icing flights were made
totaling 25.8 hours of icing tests. Icing was encountered on seven of the
natural icing flights. , The icing conditions ranged from 0.03 g/m3 of liquid
water content at -5.5°C to 0.5 g/m3 at -10°C. The number of blade deicing
cycles required on any flight under these light icing conditions ranged from
one to thrze, which did njt exceed the previous icing severity level envelope
experienced.

The ice protection system apparently performed satisfactorily and relia-
bly on all of the natural icing flights as no problems were experienced. The
lack of an in-flight rotor blade photographic system prevented quantitative
assessment of system operation. Completely automatic operation of the blade
deicing system was accomplished. It appears that further testing or oper-
ations in an icing environment can be performed without any changes to the
configuration of the deicing system.

A photasystem needs to be developed that will permit photographing the
blade's lower surface so that blade deicing results under natural icing con-
ditions can be verified. Spray rig test observations show that complete
blade deicing over the inboard portion of the blade is inconsistent and run-
back is experienced. It is not known whether this condition persists under
natural icing conditions nor whether it is necessarily detrimental. Spray
rig tests have attempted to evaluate the effects, but the results have been
inconclusive because the weather conditions that prevailed at the time of
the tests precluded valid test results.

Because of the relatively limited natural icing conditions under which
the system has been operated,/ this report clearly defines these conditions
so that future operators of /the aircraft will be cognizant of the demonstrated
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PREFACE

This report describes the results of the fourth winter of testing a
UH-1H helicopter equipped with an advanced ice protection system. The design
and testing of the ice protection system has been sponsored by the Applied
Technology Laboratory (ATL), U.S. Army Research and Technology Latoratories
(AVRADCOM) , Fort Eustis, Virginia.

The first two winters of testing were under simulated icing conditions.
This testing was conducted for ATL by the U.S. Army Aviation Engineering
Flight Activity (USAAEFA), Edwards AFB, California, with support by
Lockheed-California Company. The subsequent testing has been conducted
under the direct management of the Applied Technology Laboratory using
flight and test personnel obtained from several government agencies and
with Lockheed providing support in the form of maintenance of the ice pro-
tection system and instrumentation, test planning, test support, data re-
duction, data analysis, and test reporting.

The January-to-April 1978 test program was managed overall by
Mr. Richard I. Adams of the Applied Technology Laboratory (AVRADCOM). The
on-site project engineer and test manager was Ms. Phyllis F. Kitchens also
of ATL.

The pilots were Mr. Charles E. Arnold, Engineering Test Pilot from the
FAA Great Lakes Region and CPT. Michael F. McGaugh, Operational Test Pilot
from the U.S. Army Aviation Board at Fort Rucker, Alabama.

The test aircraft maintenance was performed by SGT. G. Worrell. He was
assisted by SFC. W.L. Kling in aircraft depreservation and pre-test periodic
maintenance services. Both are from the Applied Technology Laboratory.

The Lockheed people involved and their responsibilities were:

Mr. R.H. Cottor - Test Director

Mr. L.C. Macy - Flight Test Engineer

Mr. D.R. Ekker and Mr. J. Van Wijk - Instrumentation Engineers

Mr. T.H. Oglesby - Data Reduction and Analysis Engineer

Mr. R.T. Omori - Ground Station Operator/Instrumentation Engineer




Mr. R.J. Lennert - Flight Test Electrician/Instrumentation Technician
Mr. R. Metcalf - Flight Test Mechanic
Mr. R.D. Songstad - Flight Test Electrician/Strain Gage Technician

A standard UH-1H helicopter from Fort Rucker, Alabama, was used to
provide chase/rescue. This heliccpter was crewed by the following Army
personnel from Fort Rucker, Alabama:

MAJ J.E. Wilson - Command Pilot, US Army Aircraft Development
Test Activity (USAADTA)

CW3 J.H. Dize - Copilot, US Army Aviation Board (AVNBD)
SSG H.R. Young - Crew Chief (USAADTA)

SP4 D.D. Chester - Medic, 427th Medic Co., 46th Engr. Battln, US Army
Aviation Center (USAAVNC)

SGT J.M. Corralejo - Rescue/Fireman, 12th Company, lst Battln. (USAAVNC)
SP4 C.H. Aery - Rescue/Fireman, 12th Company, lst Battln. (USAAVNC)

Both the test and the chase aircraft were operated from Hangar 12 of
the Canadian Forces Base Ottawa (South) at Ottawa International Airport,
Ottawa, Ontario, Canada. The Canadian Forces provided the hangar and office
space used by the test team as well as the miscellaneous logistical support
required.

The test program included simulated icing tests in the Canadian
National Research Council Spray Rig facility operated by Mr. Ron Price.

Both the ice detector and the icing rate systems used in the program
were loaned and supported by their manufacturers. The infrared type was
loaned by Leigh Instruments, Ltd., and the ultrasonic type was loaned by
Rosemount, Inc. The latter also provided a dual element total air
temperature sensor used for TEST OAT measurement.
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SECTION 1

INTRODUCTION

Simulated and natural icing tests were conducted on a UH-1H helicopter
equipped with an advanced ice protection system incorporating electrothermal
rotor blade deicing. This testing was part of an overall research and devel-
opment program sponsored by the Applied Technology Laboratory, U.S. Army
Research and Technology Laboratories (AVRADCOM), Fort Eustis, Virginia, to
provide design and test criteria for helicopter ice protection systems and to
develop the technology to meet these criteria. This report presents the re-
sults of the fourth winter of testing of the system.

The testing was conducted during February and March of 1978 at Ottawa,
Ontario, Canada. The simulated testing was accomplished in the Canadian
National Research Council's Spray Rig facility. The natural icing flights
were made from and in the vicinity of the Ottawa International Airport.

Both the simulated and the natural icing tests were the continuation of simi-
lar tests conducted to expand the envelope of icing conditions investigated.

Twenty-nine flights were made, accumulating 34.4 flight hours. Unfor-
tunately the winter season at Ottawa had below normal precipitation and above
normal surface temperatures; therefore, the program was not as productive as
anticipated. Seven spray rig test periods yielded 4.5 hours in the icing
cloud and although 12 natural icing flights were made, icing conditions were
encountered on only seven, totaling approximately 4 hours in icing. On these
flights the liquid water concentrations were relatively low and did not ex-
pand the exposure of the aircraft to icing.

Presented and discussed herein are the additional data and information
obtained from the 1978 testing. This included finalizing the outside air
temperature sensor and ice detector locations, checking the effect of in-
creased FM antenna tilt on radio performance, and main rotor blade chordwise
temperature distribution around the leading edge. :

11




The results of the previous three winters' testing are reported in

References 1 through 4. F

l.

Werner, J.B., THE DEVELOPMENT OF AN ADVANCED ANTI-ICING/DEICING i
CAPABILITY FOR U.S. ARMY HELICOPTERS, VOLUME II - ICE PROTECTION
SYSTEM APPLICATION TO THE UH-1H HELICOPTER, Lockheed-California
Company; USAAMRDL Technical Report 75-34B, Eustis Directorate,
U.S. Army Air Mobility Research and Development Laboratory, Fort
Eustis, Virginia, November 1975, AD A019049.

USAAEFA Project No. 74-13, Final Report, ARTIFICIAL ICING TESTS,
LOCKHEED ADVANCED ICE PROTECTION SYSTEM INSTALLED ON A UH-1H
HELICOPTER, U.S. Army Aviation Engineering Flight Activity,
Edwards Air Force Base, California, June 1975.

Cotton, R.H., OTTAWA SPRAY RIG TESTS OF AN ICE PROTECTION SYSTEM
APPLIED TO THE UH-1H HELICOPTER, Lockheed-California Company;
USAAMRDL Technical Report 76-32, Eustis Directorate, U.S. Army Air
Mobility Research and Development Laboratory, Fort Eustis, Virginia,
November 1976, AD A034458.

Cotton, R.H., NATURAL ICING FLIGHTS AND ADDITIONAL SIMULATED ICING
TESTS OF A UH-1H HELICOPTER INCORPORATING AN ELECTROTHERMAL ICE
PROTECTION SYSTEM, Lockheed-California Company; USAAMRDL Technical
Report 77-36, Eustis Directorate, U.S. Army Air Mobility Research
and Development Laboratory, Fort Eustis, Virginia, July 1978,

AD A059704,
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SECTION 2

DESCRIPTION OF THE ICE-PROTECTED UH-1H TEST CONFIGURATION

The test aircraft shown in Figure 1 is a UH-1H helicopter (Serial
Number 70-16318) modified to incorporate an ice protection system for use
as a flight test bed to evaluate an advanced anti-icing/deicing system con-
cept. The system was designed by the Lockheed-California Company and in-
stalled under a previous contract. The modifications include electrother-
mal deicing of the main and tail rotor blades, heated glass windshields,
and heated anti-ice blankets on the stabilizer bar and tip weights.
Electrical power for these components is supplied by an ac generator in-
stalled as part of the modification. The ice protection system includes a
deicing controller that uses inputs from an icing rate detector and an
outside air temperature sensor to program blade deicing cycles and heater-
on time.

The heated rotor blades are standard UH-1H blades modified by removing
the original leading-edge erosion shield, rebuilding the blade back to
contour with a fiberglass epoxy layer filler, and then bonding a new complete
heated erosion shield assembly to the existing filler built-up blade. The
resulting installation extends approximately 0.090 inch outside of the
basic blade airfoil contour; therefore, a l-inch-wide tapered fairing blends
the aft edge of the erosion shield to the basic blade contour. The same
procedure was used on the tail rotor blade except transition thickness is
less.

The inboard portion of the main blade, where the blade thickness varies
due to the structural doublers, was faired and a separate heated shield
installed over the smoothed surface contour. The junction of the two
sections of leading-edge erosion shield is at station 83. The material of
the outboard section of the erosion shield is 0.030-inch steel and the
inboard portion cver the doublers is 0.016-inch aluminum.

i The tail rotor blade erosion shield was replaced with one of electro-
formed nickel material that is 0.030-inch thick at the leading edge and
tapers to 0.010-inch at the trailing edge. The inbeard or doubler portion
of the tail rotor blade is not heated.

The main rotor blade is divided spanwise into six separately heated zones,

which are activated sequentially from tip to root to effect deicing. The
tail rotor blades have a single heated zone. The heating-power density of
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Figure 1. The Test Aircraft - UH-1H (S/N 70-16318).

the main blade varies with zone with 200 volts applied from 26 watts/inz
at the root to 12 watts/inZ at the tip to use the aerodynamic heating gen-
erated by blade rotational speed. The tail rotor blade heats at a uniform
power density of 20 watts/in2.

The ac electrical power leads are routed from the ac bus to the rotor
through the inside of the main rotor shaft to slip rings installed on top
of the hub. Slip rings are also provided on the tail rotor shaft to route
the power to the tail rotor blades.

For research and development purposes, the deicing system can operate
at three voltages - 160, 200, or 230 Vac, which are programmed as a func-
tion of liquid water concentration (LWC). This provides the capability to
cycle through the heater zones at different rates to accommodate changes
in icing severity. The system controller also includes provisions for
adjusting the heater-on and heater-off times to aid in optimizing blade
deicing.

The stabilizer bar and tip weights are continuously heated during icing

conditions to provide an anti-icing capability at 5 watts per square inch
with 200 volts, ac. The windshields are of laminated glass with a tin
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oxide (NESA) film in between the glass layers. At 200 volts, ac, they are
heated at 3.3 watts per square inch (psi). The total power demand of the
various ac-operated components is approximately 25.4 kVA at 200 Vac or
16.3 kVA and 33.6 kVA at 160 and 230 Vac, respectively. The distribution
is approximately 13.2 kVA for main rotor blades, 4.0 kVA for tail rotor
blades, 3.0 kVA for the stabilizer bar, and 5.2 kVA for the windshield.

Two different accretion-type ice detectors incorporating icing rate
systems have been installed as part of the modification: an infrared-type
and an ultrasonic-type. These are installed on 12-inch-high pylons or
masts mounted on the cabin roof of the forward fuselage.

The outside air temperature input to the deicing controller is pro-
vided by a flush-type surface temperature sensor. This was located under
the nose of the aircraft but relocated to the top of the cabin during this
year's testing in order to provide an accurate signal.

The engine air inlet configuration is unmodified and does not incor-
porate any special ice protection features. In addition, the engine air
inlet filter screens have been left installed during all testing conducted
to date.

The lateral tilt angle of the FM radio antenna was increased
15 degrees with the standard MWO UH-1H mounting wedge prior to any icing
testing. This was to provide additional clearance from the tail rotor
plane, which had been found to be necessary during previous Army icing test
experience, to preclude antenna strikes on the tail rotor. Subsequent test
experience with this configuration showed more tilt was needed; therefore,
an additional 15 degrees of tilt was added for a total of 42.5 degrees
from the vertical plane.

The test aircraft also incorporates extensive test instrumentation
and an oh-board data acquisition system. The latter is a FM proportional-
bandwidth magnetic tape recording system. For data retrieval at remote
test sites and to provide for quick-look data assessment capability, a
portable ground station was used.

A 16 mm motion picture camera is installed on top of the main rotor
hub-mounted cannister that encloses the deicing system and instrumentation
slip rings. The camera, which is heated and insulated, rotates with the rotor
and is used to photograph the upper surface of one main rotor blade to
permit assessment of blade icing and deicing.

A more complete description of the ice protection and instrumentation
systems and the modifications since the initial installations can be found
in References 1 through 4. In addition, the next section of this report
describes in detail the configuration changes since the 1977 test program
which were made in preparation for the 1978 flight tests.
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SECTION 3

CONFIGURATION CHANGES FOR THE 1978 OTTAWA TEST PROGRAM

A minimum of problems were experienced during the 1977 Ottawa test
program and only a few changes were considered to be necessary for any
follow-on testing; therefore, the test aircraft was left at Ottawa in stor-
age at the conclusion of the 1977 program. This section describes the minor
changes and/or improvements that were made at Ottawa in preparation for the
program.

3.1 MAIN ROTOR BLADES

The only change made to the main blade deicing configuration was to
smooth the remaining surface discontinuity in the Station 83-85 area. This
discontinuity was the five steps of 0.003 inch of thickness where the
0.030-inch steel erosion shield material thickness was tapered over a
5-inch span length to match the 0.016-inch-thick aluminum shield material
at Station 83. This was done in an effort to eliminate the small amount
of residual ice that was found in this area after some of the blade deicing
cycles.

The rework was done only to the noninstrumented blade to allow a
direct comparison with the other blade. The rework consisted of essentially
sanding the paint thickness away from the high spots and then repainting
the area. No filler material was needed.

3.2 BLADE DEICING CONTROLLER

No changes were made to the controller, as trouble-free operation of
the controller was experienced on all flights of the 1977 program. The
controller configuration had been modified for last year's testing from
the original concept of scheduling heater-off time as a direct function of
LWC to a configuration that permits the selection of an integrated icing
rate signal (LWC x time) coming from an ice detector unit such as the
integrating rate unit (IRU) that uses the infrared-type detector's LWC
information. The purpose of this change was to insure blade deicing at a
uniform ice thickness while operating in a nonuniform environment; i.e., LWC
fluctuating with time. This change permits operation of blade deicing and
other ice protection system features in the automatic mode only at the single
voltage of 200 Vac. Consideration was given to modifying the controller to
permit automatic operation at the other voltages, but it was not done in the
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interest of cost saving. It was felt that single-voltage operation at

200 Vac was adequate to demonstrate the concept. The IRU schedules tail
rotor blade deicing at one-half the ice thickness of the main rotor per the
rationale expressed in Reference 3.

3.3 TAIL ROTOR SLIP RING INSTALLATION

A failure of the tail rotor slip ring outboard bearing was experienced
during the 1977 program, and excessive wear was noted again between the
slip ring drive mating components. The slip rings were completely refur-
bished and the bearings changed to a caged type and a better class of
bearing. The original bearings were uncaged Class I bearings. These were
replaced with zero-time Class III caged bearings.

The wear problem was corrected by increasing the bearing area of the
mating surfaces by 100 percent, changing the material of the CL1706-1-19
cone set from annealed stainless steel to 17-4PH steel and increasing the
hardness of all mating surfaces to 190,000 - 225,000 psi heat treat.

3.4 HEATED STABILIZER BAR ASSEMBLY

A spare heated stabilizer bar and tip weight assembly was procured
in case another inadvertent overheat was to occur, as the system does not
have a temperature control or overheat protection system.

The ice protection system control logic was changed also to delete
the presence of icing as a requirement for stabilizer bar heat. The circuit
was modified to a simple on/off switch to assure continuous stabilizer
heating during flight through intermittent icing conditions such as broken
cloud conditions.

3.5 TEST INSTRUMENTATION

3.5.1 Blade Temperature Sensor Locations

The spanwise temperature sensors on the outboard portion of the main
rotor blade, which were lost due to erosion damage, were replaced and re-
located further aft from the leading edge.

The temperature sensor at Station 83.2 in zone 5, which was on the
wraparound heater strip carrying ¢C electrical power from the upper to the
lower blade surface, was relocated outboard slightly to Station 84.28. The
purpose waa to get away from the wraparound strip and measure the surface
temperature of the steel-covered portion of zone 5.

A chordwise temperature survey consisting of six measurements was
added to Station 110 in zone 4. The survey was limited to this number by
the total number of available VCO's in the main rotor instrumentation sys-
tem with allowances made for retaining some structural measurements or
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some spanwise sensors on adjacent zones for cross correlation with span-
wise data. Station 110 was selected based on photo evidence from spray

rig tests that showed this station to be the point where maximum chordwise
ice coverage was experienced. It was anticipated that this would permit

an evaluation of surface temperatures with and without ice coverage as well
as chordwise temperature variatioms.

The temperature sensor in zone 6 previously located on the narrow
heated area forward of the blade attachment fittings was moved outboard of
the fitting to Station 55. This was done to check whether previous data
at Station 46 was representative of zone 6. Figure 2 shows the revised
configuration of the blade temperature sensors.

3.5.2 New Measurements

Engine torque was added to the measurement list to permit an evalua-
tion of torque rise due to blade icing. It was recorded on the magnetic
tape as well as on a sensitive indicator in the pilots panel with a digi-
tal readout to 0.1 percent accuracy.

Engine bleed air temperature and pressure measurements, located in the
bleed air line as close to each of the ice detectors as practical, were added
to the instrumentation. This was done to permit accounting for differences
between installed values of these parameters and icing tunnel calibration
values.

3.5.3 Hub-Mounted Camera

No satisfactory, or in fact usable, pictures of rotor blade icing
were obtained with the hub-mounted 16 mm camera last year due to an unde-
tected failure of the heated glass window covering the camera lens. The
problem was corrected, and preflight checkout procedures were revised to
verify proper operation of the heating system.

3.6 ICE DETECTION SYSTEMS

3.6.1 Infrared-Occlusion Type (Leigh Instruments, Ltd)

No changes were made to this system. Figure 3 shows the probe instal-
lation on the RH pylon located on the cabin roof. Excellent operation was
obtained during the 1977 Ottawa program and verified further by the addi-
tional data on system capability and accuracy obtained during the confirm-
atory calibration runs made in the icing tunnel at the conclusion of the
flight program. These results were included in Reference 4 as Appendix B.

A minor change was incorporated in the integrating rate unit (IRU) to
output the tail rotor deice signal at one-half the ice accretion interval
that was selected for the main rotor. This would allow the tail rotor to
be deiced twice as often as the main rotor during automatic operation based
on the recommendation of Reference 4.
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Figure 3. Infrared-Type Ice Detector Imnstallation on the
R.H. Pylon on the Top of the Cabin Roof.

3.6.2 Ultrasonic Type (Rosemount, Inc)

The model of the ultrasonic ice detector head was changed to a proto-
type of the aspirated version of the ultrasonic-type sensor to be used on
the UH-60A Black Hawk helicopter. The previous installation incorporated an
engine bleed air-operated aspirator that was installed separately around
the ice detector sensor and used the bleed air to anti-ice the aspirator
duct as well as to operate the jet pump. The model used this year was an
all-new unit with the aspirator duct as an integral part of the head. The
forward portion of the aspirator duct was anti-iced by a built-in electric
heater .similar to an airspeed system pitot head. This change was made to
eliminate the need for a minimum temperature requirement for the bleed air.
In addition, the electronics that previously were below the mounting plate
and an integral part of the detector assembly were packaged in a separate
component that could be installed anywhere reasonably close to the detec-
tor location. Also, the accreted ice thickness at which the detector
probe is deiced was reduced from 0.080 inch to 0.040 inch to provide more
probe deice cycles (counts) per blade deice cycle. Figure 4 shows the
external configuration of the new ultrasonic-type detector.
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Figure 4. Ultrasonic-Type Ice Detector Installation
on the L.H. Pylon on Top of the
Cabin Roof.
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SECTION 4

DISCUSSION AND RESULTS

4.1 ICING TESTING SUMMARY

A summary of the icing test conditions evaluated during all of the
testing conducted with the UH-1H (S/N 70-16318) to date is shown in
Figure 5. Presented are the liquid water concentrations (LWC) versus outside
air temperature (OAT) test conditions. These are compared to the accepted LWC
versus OAT test criteria boundary for continuous maximum atmospheric icing
conditions (Reference 1 and FAR 25)., This boundary is for a 15-micron volume
mean droplet diameter. Lines for 20, 30, and 40 microns, which cover the
range normally found in natural icing clouds, are shown also. The droplet
size of the spray rig cloud averages approximately 30 microns and the HISS
tanker approximately 150 microns, but all testing to demonstrate the ability
to operate continuously in an icing environment is generally conducted to the
15-micron line.

The ice protection system is designed to operate under intermittent
maximum conditions (15 minutes maximum) which, as shown also in Figure 5,
can 3ave liquid water concentrations approaching 2.0 grams per cubic meter
(g/m”) near 00C and is approximately double the LWC for continuous maximum
at all OATS. It was hoped to encounter intermittent maximum conditions
under natural icing and thus demonstrate satisfactory ice protection system
operation under all expected conditions. Unfortunately, LWC conditions in
this range were not encountered although experience to date indicates that
no problem should be expected.

A review of the testing experience accumulated to date with the ice
protected UH-1H shows the following:

e A total of 321 blade deicing cycles have been accomplished. Of
these, 264 were in the spray rig, 32 behind the HISS, and 25 under natural
tcing conditions.

e Main rotor blade deicing has been generally satisfactory with

residual ice and runback of some degree experienced randomly on
the inboard section of the blade (0.1 to 0.35R).
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e Tail rotor blade icing/deicing -8 not appeared to present any
problem even though its deicing schedule has not been controlled nor
monitored as closely as for the main blades.

e Windshield heating has been completely satisfactory and operation
has been trouble-free during all testing.

e Stabilizer bar anti-icing has been satisfactory although a tempera-
ture overheat control system which it presently does not have is
considered to be necessary.

® An ice detector system providing LWC information to the blade
deicing controller is considered to be necessary to properly schedule
blade deicing.

® Increased tilt of the FM radio whip antenna away from the tail rotor
provides a simple and satisfactory icing flight configuration without
compromising radio performance.

e Automatic blade deicing is required in order to maintain pilot
workload under instrument meteorological conditions (IMC) at a
practical level.

e The forward cabin rooftop area is considered to be the best location
for arn ice detector and an outside air temperature (OAT) sensor.

e No additional ice protection for the UH-1H is indicated from the
testing performed to date; however, since the exposure to the
natural icing environment has been at relatively low liquid water
contents and for fairly short periods, more testing is required to
be conclusive.

e A camera to photograph the underside of the main rotor blades is
considered to be necessary to assure posgitive evaluation/assessment
of blade deicing results during natural icing flight.

4.2 NATURAL ICING FLIGHTS

4.2.1 Operational Procedures

The operational procedures used during the test program were the same
as those developed and used for the 1977 natural icing flights. The weather
minimums under which testing was permitted were lowered with the Airworthiness
Review Board's approval in an attempt to obtain natural icing test data
under a broader and more severe range of liquid water concentrations. The
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procedures utilized and the weather restrictions permitted are described in
detail in Reference 5. Briefly, the primary test area for the natural icing
flights was in the area designated for icing testing by the Canadian Ministry
of Transportation south of the Ottawa International Airport known as ICECAP.
The weather minimums that governed the flights were:

Phase 1 (Experience buildup phase) - Forecast 500-foot (AGL)
ceiling and 1 mile visibility at the Ottawa airport.

Phase 2 (Advanced phase) - Forecast 200-foot (AGL) ceiling and
1/2-mile visibility at the Ottawa airport.

If the forecast weather at Ottawa was less than 700 feet (AGL) ceiling
and 2 miles visibility, an alternate airport was required. Alternate air-
port requirements were per AR 95-1, with fuel reserve requirements reduced
to 20 minutes in Phase I and 30 minutes in Phase II.

Flights to or in alternate test areas were to be allowed as soon as
experience permitted; however, this option was never utilized because of
the unsuitable weather experienced during the test span. (Either the
weather forecasts were such that a return to Ottawa the same day was
impractical or the forecast weather probability did not justify the flight.)

When visual meteorological conditions (VMC) existed beneath the clouds,
a U.S. Army chase/crash-rescue UH-1H helicopter was used in the program that
accompanied the test aircraft to the edge of the ICECAP test area and
rendezvoused for visual and photographic observation of the extent of test
aircraft icing after it exited the icing test area. The chase aircraft
remained on the ground on an alert status at the Ottawa airport when
weather conditions did not permit VMC operation of that aircraft to and
from the edge of the ICECAP test area,

An emergency locator transmitter (ELT) was installed on the test air-
craft and a sensitive direction finder was installed in the crash-rescue
helicopter to aid in the final location of the test aircraft in the event
of an emergency under low visibility conditions. The crash-rescue crew
included two firemen and a medic with their appropriate support equipment
on board the aircraft.

The test aircraft crew consisted of the pilot, copilot and two flight
test engineers, the same number as utilized during the 1977 program.

5K1tchens, P.F., TEST PLAN FOR SIMULATED AND NATURAL ICING TESTS OF A
UH-1H WITH AN ADVANCED ICE PROTECTION SYSTEM, Applied Technology Labora-
tory, US Army Research and Technology Laboratories (AVRADCOM), Fort
Eustis, Virginia 23604, January 1978.
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4.2.2 1Icing Envelope Expansion Procedure

The icing envelope expansion procedure used was to build up exposure to
an icing environment by progressively increasing the number of blade deicing
cycles accomplished on each flight or between visual observations of the air-
craft's overall icing condition. Because of the light icing conditions found
this year, however, the envelope did not even reach the previous limit of
five cycles so the exposure envelope was not expanded.

The initial deicing test procedure that was used to determine when to
deice was to monitor all of the available cues as to when the desired amount
of blade ice had been accreted and then deice by manual operation of the
system. Later, when an accurate OAT signal was obtained by relocating the
OAT sensor to the cabin roof, the system was allowed to operate automatically
with blade deicing scheduled by the value of the integrated icing rate
accumulated sum that was set into the IRU. Reliance upon an icing rate
integrating system like the IRU is necessary because experience has shown
that there is no suitable visual or physically perceptible indication for
the flight crew to determine the proper deicing interval.

The specific value for each of the heater-off time cues that was used
for the blade ice accretion interval between deicings was based on previous
spray rig and natural icing experience. Variations from these values were
used in an effort to aid in the determination of the optimum condition as
well as tolerances.

The cues that were monitored to determine the deicing interval were:

a. The integrated icing rate sum on the IRU. This was the best indi-
cator of when to deice because it is an accurate total amount of
ice accumulated that is obtained by integrating LWC from an ice
detector with respect to time. Data collected from previous test
experience were used to determine the proper or desired relation-
ship of integrated rate units to blade ice thickness. Figure 6
presents the LWC indications from each of the two ice detectors
during natural icing flight. The integrated rate totalized sum
from the infrared type is shown. It is reset to zero after each
blade deicing.

b. The number of ice detector cycles or counts. This also is an inte-
gration method from the ice detectors but it can have some inac-
curacy due to the fact that the cycle time includes probe deice
and recovery time that can vary under different LWC and OAT con-
ditions. It appears, however, that this method will provide suf-
ficient accuracy if the cycle time of the detector is approximately
10 percent of the cycle time of the blades. (This would provide
10 counts per blade deice cycle.)
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c. The thickness of ice buildup on the leading edge of a miniature
airfoil section of the same aerodynamic shape and percent thick-
ness as the main rotor blade. A visual ice detector of this type
was installed outside of the copilot's side window and could be
manually deiced by the copilot using a stick after each blade
deice. Figures 7 and 8 show the test aircraft's installation.
Note that the ice has been removed from the lower half of the air-
foil and the probe is ready for another accretion. The upper
half is left untouched as an indication of total ice buildup,
thickness and shape, for each icing encounter (a measure of total
exposure). It is assumed that the ice on the main rotor blade at
the mid-span point is approximately three times the thickness on
the visual indicator based on the ratio of the rotational speed
of the blade at the 50-percent span point to aircraft flight speed.

d. Engine Torque Rise - Attempts to use torque indication for this pur-
pose had been unsuccessful during previous icing testing. This year, a
special sensitive torque indicator with a digital readout was installed;
however, it was still not possible, during flight, to correlate a
torque rise with blade ice accretion. A 2 to 2.5 psi torque decrease
during a blade deice cycle was apparent on the test instrumentation
recordings but a torque rise during accretion could not be discerned
even from a time history plot. Data from trimmed flight conditions
during the 1975 tests, which were conducted using the CH-47 HISS
tanker, showed a 5 to 7 psi change before and after ice accretion or
blade deicing. It is possible that the smaller droplet size in the
natural icing conditions encountered to date results in a lower-drag
ice formation. In any case, a torque change has not been discernable
in flight tests to date, and therefore torque is not considered a
practical indication to use to determine blade ice accumulation. In
a more consistent icing environment where precise airspeed and altitude
and a constant heading could be maintained, it is possible that the
torque rise could be useable and dependable.

4.2.3 Natural Icing Test Results

A 35 mm camera was to be installed in an externally mounted fuselage
pod to photograph the lower surface of the main rotor blades inflight.
Unfortunately, lack of sufficient funds precluded the fabrication and
development of the pod although the design was accomplished prior to the
1978 Ottawa test program. It is felt necessary, in fact essential, to have
such a system to provide an evaluation or assessment of blade deicing
results in natural icing. Typically, on a flight when natural icing con-
ditions were encountered as indicated by LWC readings from the two ice
detectors plus ice accumulation on the visual probe, flight would be con-
tinued until the selected reading or value was reached and then a deicing
cycle initiated. There were no visible or perceptible clues that blade
deicing did actually occur or whether it was complete or incomplete or
whether the heater-on time resulted in runback. Since no adverse effects
or characteristics were apparent, flight was continued until fuel limi-
tations or lack of icing conditions dictated termination of the test.
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Figure 7. Miniature Airfoil Section Mounted Outside of the Copilot's
Window for Visual Indication of Ice Accretion.

Figure 8. Close-up of Visual Icing Indication After a Natural Icing
Flight With 0.2 Inch of Ice Accretion Above Thickness
Measuring Probe and With Ice Removed From Leading Edge
Below the Probe (Test OAT = -12,5°C).
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It was hoped to encounter progressively higher LWC concentrations and
thus increase the total length of exposure time in icing. Unfortunately,
weather conditions this year were below normal and thus the exposure envelope
was not increased over previous experience.

Figure 9 shows the test aircraft as photographed from the chase aircraft
following 37 minutes in icing at -12.59C at 7300 feet for two blade deicing
cycles and 14 minutes after exiting the icing condition. Even though the
OAT was still below 0°C, no significant icing on the test aircraft is apparent
except on the engine air inlet side screen. Figure 26, another photo taken
on the same flight, shows ice on the leading edges of the ice detector pylomns
and the UHF/VHF antenna. There was also some ice on the RH stabilizer lead-
ing edge. This illustrates the difficulty in a quantitative assessment of
natural icing results especially with respect to blade deicing, the primary
objective.

Table 1 lists the natural icing test experience of the 1978 Ottawa pro-
gram and Table 2 summarizes the total natural icing experience of the test
aircraft.

4.2.4 Main Blade Deicing

The hub-mounted 16mm camera was operated for all blade deicings but
although the heated window functioned properly this year and pictures
were obtained, there were no satisfactory or usable sequences of blade
deicing. This is due primarily to the small amcunt of chordwise ice cover-
age on the upper leading edge to be visible against the white cloud back-
ground and the reduced lighting under instrument meteorological conditions.
Some useable sequences were obtained in spray rig testing.

Figure 10 summarizes, in another form, the total natural icing/deicing
experience of the test aircraft in two years of natural icing testing. This
figure presents for the blade deicings that have been accomplished, the
range of visual probe ice accretion thickness, the number of infrared ice
detector cycle counts,and the sum of the integrated rate units on the IRU.
Also shown is the OAT condition that existed for each deicing. It can be
noted that the range of indications is relatively broad, which represents
the variation in blade ice thickness that deicings have been accomplished.
All deicings were uneventful, and the flights were assumed to be successful
from a practical operational standpoint, as no uncontrolled shedding was
detected. The best estimation of the range of blade ice thickness that
corresponds to these values would be from 1/8 inch to 1/2 inch thick at
the 50-percent span point.
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Figure 9. Test Aircraft Following Exit From Natural Icing Cloud
on Flight 180, Showing Icing on Engine Air Inlet
R.H. Screen.

Figure 10 indicates that most of the experience to date has been with
blade deicings at the following values of the available cues:

IRU Sum 240 units
Infrared Detector Cycles 18 counts
Visual probe ice thickness 0.18 inches

Future testing should be based on these values with a caution on use
of the visual probe ice thickness in as much as it is subject to more
variables than the ice detector signals. It should also be noted, however,
that whatever variables affect the visual probe ice thickness also affect
blade ice thickness under the same conditions and therefore the probe is
still a useful velocity-relative indication of blade ice.

The above listed values tend to permit more than 1/4-inch thickness of ice
on the main blade (it is estimated to be approximately 3/8-~inch). The recom-
mended values are based, however, on spray rig testing which indicated that
cleaner inboard blade deicing was accomplished with thicker ice. The 3/8-inch
thickness is probably closer to optimum for this particular rotor since little
or no power increase has been detectable and no asymmetric shedding was experi-
enced on any of the natural icing flights, More operational experience in
natural icing is needed to determine accurately the performance penalty associ-
ated with ice thickness before the optimum ean be established conclusively.
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